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摘要 
植被是海岛生态系统的重要组成部分，海岛植被修复对加快恢复受损的海
岛生态环境，改善海岛居民的生活生产条件起关键作用。目前，我国大部分海
岛生态破坏比较严重，而海岛植被修复工作起步较晚，海岛植被修复技术还不
完善，对环境恶劣海岛植被修复依然缺乏良策。本文依托平潭海岛景观生境修
复技术研究与示范项目，以木麻黄（Casuarina equisetifolia）、夹竹桃（Nerium 
indicum）和台湾相思（Acacia confusa）为实验材料，室内人为控制干旱胁迫、
根系盐胁迫和叶片盐胁迫的程度及时间，研究典型海岛植物抗逆性，筛选耐旱
耐盐树种，提出立地条件困难海岛的植被修复技术，相关研究成果应用于塘屿
植被修复现场实施，取得较好的效果。主要研究内容与结论如下： 
（1）海岛植物耐旱能力与干旱胁迫研究 
土壤干旱胁迫使 3 种植物生长状态和水分状况均明显降低。其中，木麻黄
和台湾相思在 78 d 的土壤干旱胁迫下，植株成活率降低，细胞膜透性、脯氨酸
含量和丙二醛含量显著升高。土壤干旱胁迫会影响植株光合特性，降低夹竹桃
植株的净光合速率、蒸腾速率和水分利用率。 
根据实验过程及复水后的植株生长状况推定，木麻黄植株可耐土壤干旱约
4 周，台湾相思可耐土壤干旱约 8 周，夹竹桃植株可耐土壤干旱约 11 周。3 种
植株耐旱能力为夹竹桃＞台湾相思＞木麻黄。因此，在干旱缺水地带开展植被
修复，推荐夹竹桃为优先树种，且可根据各植物耐旱能力相应延长浇水养护间
隔时间，以提高水分利用率。  
（2）海岛植物耐盐能力及盐胁迫研究 
盐胁迫对 3 种植物的生长状态均有不同程度的影响；较不耐盐的夹竹桃和
台湾相思植株在盐胁迫下，水分状况明显降低，细胞膜透性和丙二醛含量显著
增加，脯氨酸含量在盐胁迫影响程度较大时积累迅速。盐胁迫对夹竹桃植株的
光合特性影响较大，其中，根盐胁迫明显降低了植株的净光合速率、蒸腾速率
和气孔导度；叶盐胁迫仅降低植株的净光合速率，且低浓度叶盐胁迫提高植株
水分利用率。 
根据植株生长状况，不同梯度的盐胁迫实验组中，木麻黄植株的根、叶均
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可耐受浓度 3%的盐胁迫；夹竹桃植株可耐浓度 1%以下的根盐胁迫和浓度 3%
以下的叶盐胁迫；台湾相思植株可耐浓度 2%以下的根盐胁迫和浓度 0.6%以下
的叶盐胁迫。3 种植株综合耐盐能力为木麻黄＞夹竹桃＞台湾相思。因此，在
土壤盐度较高和受海洋飞沫影响较大的滨海地带开展植被修复时，推荐木麻黄
为优先树种。 
（3）海岛植被耐旱、耐盐、抗风技术研究与试验效果 
施加土壤保水剂和土壤表面覆盖凋落物都可以提高土壤含水率、植物成活
率并改善植物生长状态，且覆盖凋落物的效果优于施加土壤保水剂。保水剂施
加量过少时并不能起到很好的效果，施加量以保水剂与土壤质量比例为 1∶500
为宜。滴灌可有效提高野外浇灌时的水分利用率。对风障的效果测试表明，风
障后风力下降显著，对风障后的植株有很好的保护效果。迎风坡斜栽实验表明，
斜栽后的台湾相思主干普遍比直立栽种的长，地面至有绿色处的高度和侧芽长
度都略好于直立栽种组。因此，可行的抗旱技术有筛选抗旱植物、施加土壤保
水剂、覆盖凋落物、滴灌和深载；抗盐技术有筛选耐盐植物和采用微喷淋洗；
抗风技术有设置风障和斜栽。 
在塘屿开展的植被修复中应用上述研究成果，总体修复效果较好。根据几
年的现场植被修复效果，初步筛选 10 种适宜应用于海岛植被修复的植物，分别
是木麻黄、台湾相思、夹竹桃、车桑子（Dodonaea viscosa）、海桐（Pittosporum 
tobira）、非洲茉莉（Fagraea ceilanica）、单叶蔓荆（Vitex trifolia）、文殊兰（Crinum 
asiaticum）、马鞍藤（Ipomoea pescaprae）和海边月见草（Oenothera drummondii）。
本文实现理论—研究—应用一体化，可为立地条件困难的海岛植被修复工作提
供参考。 
关键词：海岛植被修复；干旱胁迫；盐胁迫；逆境生理；植被修复技术 厦
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Abstract 
Vegetation is an important component of the island ecosystem. The island 
vegetation restoration plays a key role in accelerating the damaged island ecological 
environment to recovery, and fine vegetation can also improve the island residents’ 
living and production conditions. At present, most of the island ecosystems are 
severely damaged. However, the island vegetation restoration starts late in China, 
and the technology is not inadequate, so there are still many research works to be 
further studied in the island vegetation restoration, so as to improve the island poor 
environment. This paper is dependent on the project which is called ‘Landscape 
habitat restoration technology research and demonstration of Pingtan Islands’. We 
choose the Casuarina equisetifolia, Nerium indicum and Acacia confusa as the main 
experimental materials, the study was set under different degree of drought, root-salt 
and leaf-salt stress respectively indoor, so as to assess the stress resistance of the 
plants and screen drought resistant and salt tolerant tree species. On the basis of the 
research data, the targeted vegetation restoration technology was put forward.  
Perfect results were obtained after all these restoration technologies were carried out 
in vegetation restoration of Pond Island. The main research works and conclusions 
are as follows: 
(1)The drought-resistant ability and physiology mechanism research under 
drought stress 
The growth and moisture situation of three species under soil drought stress 
reduced significantly. A. confusa and C. equisetifolia, which survival rate turned 
down, the cell membrane permeability, the content of proline and MDA increased 
significantly. Moreover, photosynthetic characteristics of plants, the net 
photosynthetic rate, transpiration rate and water use efficiency were all decreased 
greatly.  
According to the plants growth status in all experiment, C. equisetifolia can 
tolerate arid about 4 weeks, A. confusa can tolerate arid about 8 weeks and the N. 
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indicum can be in drought stress about 11 weeks. The drought-resistant ability under 
a long-time drought stress turned out to be from strong to weak are N. indicum, A. 
confusa and C. equisetifolia. Therefore, N. indicum is recommended as a priority 
species when vegetation restoration carried out in an arid zone. According to the 
drought-resistant study, it should be extended intervals in order to improve water use 
efficiency. 
(2) The salt-resistant ability and physiology mechanism research under salt stress 
Salt stress environment press a great impact on the growth state of the three 
plants. N. indicum and A. confusa’s salt resistance are weaker, the water condition of 
them reduced greatly, the cell membrane permeability and the content of MDA 
increased significantly, and the content of proline accumulated rapidly under 
stronger salt stress. Salt impact the plant photosynthetic characteristics greatly, the 
root-salt stress reduce the net photosynthetic rate, transpiration rate and stomatal 
conductance significantly. But the net photosynthetic rate was only decreased under 
leaf-salt stress, the water use efficiency was enhanced under a slight leaf-salt stress.  
According to plant growth status, C. equisetifolia can hold a concentration of 3% 
root and leaf-salt, N. indicum can survived at 1% concentration root-salt and 3% 
concentration of leaf-salt; A. confusa can sustained at high to concentration of 2% 
root-salt and a concentration of 0.6% leaf-salt. The salt-resistant ability turns out to 
be from strong to weak are C. equisetifolia, N. indicum and A. confusa. Therefore, 
when vegetation restoration was carried out under salinity soil and sea spray, C. 
equisetifolia is recommended as a priority species. 
(3) Island vegetation restoration technology researches and its application 
Using soil water retention agent and covering litter on soil surface can both 
improve the soil moisture content, survival rate and growth status of plants, the 
results of covering litter is better. A small amount addition of water retention agent 
can’t play a very good effect, the proportion of soil quality and water retention is 
1:500 based our studies. Drip irrigation can improve the utilization rate of water 
effectively in the field. It showed that the windbreak can drop wind distinctively, and 
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the plants behind it will be protected obviously. Windward oblique planting 
experiments showed that the growth status of A. confusa was slightly better than the 
plants planted upright. Therefore, the viable drought-resistant technologies as 
follows, screening drought-resistant plants, applying water retention agent, covering 
litter, drip and planted deeply. The salt-resistant technologies are screening 
salt-tolerant plants and micro spray irrigation. Setting windbreaks and planting 
oblique are supposed to resist the strong wind. 
The application of all the technology based our research on Pond Island was 
very successful., According to the effect of vegetation restoration on Pond Island in 
those years, we recommend 10 kinds of plants that suitable island vegetation 
restoration. They are C. equisetifolia, N. indicum, A. confuse, Dodonaea viscosa, 
Pittosporum tobira, Fagraea ceilanica, Vitex trifolia, Crinum asiaticum, Ipomoea 
pes-caprae and Oenothera drummondii. The integration of theory, research and 
application of island vegetation restoration were fully combined, which can provide 
reference for the island vegetation restoration in difficult site condition. 
Key Words: Island vegetation restoration; Drought stress; Salt stress; 
Physiology mechanism; Vegetation restoration technology.
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第 1 章 绪论 
1.1 研究背景 
我国是海洋大国，海岛众多，面积在 500 m2以上的海岛就有 6900 多个，
小于 500 m2的海岛有上万个。这些海岛资源丰富、区位特殊，是海洋生态系统
的重要组成部分，是人类开发海洋的远涉基地和前进支点，在国土划界和国防
安全上有特殊的重要地位，是划定海洋专属经济区的重要依据。我国 94%的海
岛面积狭小，地域结构简单，环境相对封闭，生态系统构成也较为单一，生物
多样性指数小，稳定性差。随着海岛开发利用以及全球气候异常带来的自然灾
害，加速了海岛生态环境的失衡，严重影响了海岛区域经济社会的可持续发展。 
海岛生态系统中，植被生态系统的稳定在维持海岛水资源、土壤资源、动
物资源等综合生境的稳定中发挥着主导作用，是维持海岛生态平衡发展和优化
海岛生态结构的主要因素。自 20 世纪 60 年代以来，许多国家开始了海岛植被
修复工作。目前，对于海岛植被修复研究工作多集中于生态恢复与工程建设方
面，对于海岛植被修复中的植物抗逆性研究及如何提高植被抗逆性的技术研究
还较少。开展海岛植被修复植物的抗逆性研究，可为海岛植被修复工作提供理
论依据，为恢复海岛生态系统，促进海岛地区的可持续发展做出贡献。 
1.2 国内外研究概况 
1.2.1 海岛植被修复研究 
近 20 多年来，国内外对海岛植被修复开展了一些研究与实践，例如
Amsterdam 岛屿植被恢复[1]、夏威夷岛屿生态恢复[2]、南澳岛生态修复[3]、厦门
猴屿生态修复等项目。相关学者研究证明，海岛植被修复能够加速退化生态系
统结构和功能的重建，对修复区域的生态恢复效果显著[4、5]。任海、李萍等指
出海岛恢复限制性因子是缺乏土壤、淡水、生物资源和严重的风害或暴雨，而
海岛恢复最关键的是根据不同的海岛选择好适生的关键种[6]。刘强等就借助恢
复生态学的原理和方法对海南岛东海岸钛锆砂矿开采区的恢复进行了分析和探
讨，利用改土、引种木麻黄（Casuarina equisetifolia）以及在木麻黄林中混交青
梅（Vatica mangachapoi Blanco）的技术，引导人工林植被向当地天然林植被演
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化[7]。廖连招通过对生态退化严重的厦门无居民海岛猴屿进行分析，将生物技
术和工程技术相结合，提出工程护岸护坡、客土改良、乔-灌-草合理配置及种
植品种选择、生态修复管理等海岛生态重建和生态保育措施[8]。近几年国家愈
加重视海岛的保护和生态修复工作，将安排海岛保护专项资金用于海岛的保护、
生态修复和科学研究活动[9]。然而，大部分海岛的生态环境条件恶劣，修复区
域的植被在逆境下并不能顺利的得到恢复，为在海岛植被修复中根据不同海岛
地势条件选择适宜物种及栽植技术，促进植物在逆境下的自我恢复，研究植物
在环境胁迫下的抗逆生理响应，抗逆技术等是十分重要的。 
1.2.2 植被逆境生理研究 
植物对环境变化和不良环境有一定的抵抗能力和适应性，这种抗逆性既受
植物系统发育的遗传基因所控制，又受其个体发育中的生理生态水平制约。在
逆境下，植物的叶片形态、构造和体内物质等方面都会产生变化或特化，以保
证植物正常的生命活动。早期对于植物的抗逆性研究较少，国内外的研究基本
集中于植物抗逆性的形态生理，只有少部分的抗逆机理研究[10]。随着现代科技
的发展，分析生物学也发展迅速，对植物逆境下的抗逆生理、抗逆机理及抗逆
基因的研究已经成为人们的研究热点。近年来，人们对包括叶片形态和构造、
植株形态、植株渗透调节物质、植株激素和植物生理活动等在内的指标在干旱、
冻害、冷害、热害、盐胁迫、涝害和 CO2胁迫等逆境环境因子下的变化都进行
了大量的研究。希望通过研究植物相关调控基因的表达和逆境下植物的生理反
应来进一步研究植物的抗逆性[11]。 
1.2.2.1 干旱胁迫逆境生理研究 
当植物体内的蒸腾消耗水分大于吸收水分时，植物体就会呈现水分亏缺状
态，即干旱胁迫状态，这时，植物体内会发生一系列生理生化变化，主要有：
生长抑制、光合作用减弱、内源代谢异常、氮代谢异常、酶系统发生变化和糖
代谢发生变化[12]。 
植物的生长过程对缺水十分敏感，轻微的水分胁迫就能使生长缓慢或停止
[13]。主要是因为在水分亏缺时，分生组织细胞膨压降低，导致细胞分裂减缓或
停止，抑制了细胞伸长，从而影响植物的正常生长发育，主要症状为植株低矮
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